ABSTRACT. Paraprotein gap is sometimes used as a screening tool in some autoimmune diseases, cancers, and screening for latent infections. The increase in the paraprotein gap in these diseases was hypothesized to be the result of increased levels of immunoglobulins, raising the total serum protein without any changes in serum albumin. Our aim was to assess the overall survival using novel chemotherapy, bortezomib compared to traditional ones and to assess if paraprotein gap could be used as a predictor of survival. Finally, we aimed to assess factors that could predict renal response in this population.
Introduction
More than 20% of patients with multiple myeloma develop severe kidney failure. 1, 2 Renal impairment in this population is associated with a higher mortality rate and increased risk of chemotherapy-related toxicity 3 which adds to the complexity of managing this challenged population. 4 Novel chemotherapy regimens such as bortezomib have significantly improved survival in multiple myeloma patients with renal impairment, 5 but the effect of these agents on renal survival in those patients with significantly impaired renal function has not been comprehensively Correspondence to:
Dr. Hatem Ali, Department of Renal Medicine, Heart of England Teaching Hospitals, Birmingham, UK. E-mail: tommyvcc@hotmail.com investigated. 6, 7 Dialysis has a significant effect on outcome of this population with an estimated survival of <1 year reported in a singlecenter study where over 80% of the patients required dialysis at presentation. 8 These results are comparable to those seen in European Renal Association-European Dialysis and Transplant Association dataset where overall survival in this population was 0.91 years. 9 Paraprotein gap is the gap between total protein and serum albumin, and it is at times used as a screening tool in some autoimmune diseases, cancers, and screening for latent infections. [10] [11] [12] [13] The increase in the paraprotein gap in these conditions was hypothesized to be the result of increased levels of immunoglobulins raising the total serum protein without any changes in serum albumin. 13 The implication of the paraprotein gap on clinical outcome and its use in clinical situations has not been extensively investigated.
14 It is not known if the paraprotein gap can predict
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mortality independent of an underlying disease. In 2015, Juraschek et al attempted to assess the impact of paraprotein gap on allcause mortality using data from NHANES study and reported that paraprotein gap is an independent risk factor of mortality with a cutoff point of 30 g/L. 15 In our study, we retrospectively reviewed multiple myeloma patients with severe renal impairment in two different decades. Our aim was to assess the overall survival using novel chemotherapy agents compared to traditional ones and to assess if paraprotein gap can be used as a predictor of survival. Finally, we aimed to assess factors that could predict renal response in this population.
Materials and Methods
Ninety-seven cases who were diagnosed with multiple myeloma after performing bone marrow biopsy and had estimated glomerular filtration rate (eGFR) of 30 mL or less between April 1, 2004 , and August 31, 2015 at a single center were reviewed retrospectively. Patients with acute kidney injury at time of presentation, age <18 years, or patients who had a contraindication to receiving chemotherapy were excluded from the study. Patients were followed up till December 31, 2016. Thalidomide was the standard drug at Heart of England hospitals from April 1, 2004 , to December 31, 2009 , and bortezomib was the standard drug from January 1, 2010 to now. The initial dose of bortezomib is 1.3 g/m 2 and is given twice weekly when given alone and once weekly when given in combination with prednisolone and melphalan.
Data about age, gender, ejection fraction%, hemoglobin, C-reactive protein, kidney function tests, bone homeostasis, β2 microglobulin, international staging score, free light chains (FLC), immunoglobulins, serum urate, lactate dehydrogenase, urine protein/creatinine ratio, serum albumin, and protein levels were retrospectively collected. Data were collected using a computerized database. Renal function was estimated and calculated using Modification of Diet in Renal Disease Study formula.
Kidney responses were defined as complete if eGFR changed and became >60 mL, limited (eGFR at time of diagnosis was <15 mL and changed to 30-59 mL), or incomplete (baseline eGFR <15 mL and became 15-29 mL or eGFR at the time of diagnosis ranging between 15 and 29 mL and change to 30-59 mL). Death was the endpoint for the study. Synthetic hollow fiber, high flux membranes (2.1 m 2 ) were used in for patients who required dialysis. This study required no ethical approval.
Statistical Analyses
Statistical analyses were done using STATA (version 13) package (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP). Kaplan-Meier method along with Cox-hazards regression method was used for evaluation of survival rates in addition to factors affecting survival, respectively. Wilcoxon model was used to test equality between different survivor groups. Univariate and multivariate logistic regression methods identified elements that affect kidney response. Continuous variables were assessed using variable independent t-test. Chi-squared test and Fisher's exact test were used to assess categorical variables.
Results
Cases were categorized into two groups: thalidomide group (n = 44, male = 21) and bortezomib group (n = 53, male = 25). Both groups have similar baseline characteristics as shown in Table 1 . Bortezomib-treated patients have better survival in comparison with thalidomide-treated ones. Median survival time was 33.6 months and 8.3 months in bortezomib group and in thalidomide group, respectively (P = 0.01). Subgroup analysis revealed that chronic kidney disease patients stage 4 (CKD4) cases in bortezomib group has better survival rate in comparison with those with CKD5 in the same group, CKD4 and CKD 5 cases in the other group. Median overall survival was 62.2, 27.2, 8.3, 6.9 months in CKD 4 and CKD 5 in bortezomib group and CKD4 and CKD5 in thalidomide group, respectively (P = 0.04). These results are shown in Figure 1 .
Cox-hazard regression method revealed that age and paraprotein gap were significant prognostic factors of survival. Hazard ratio was equal to 1.04 for age. Hazard ratio was equal to 1.03 for paraprotein gap. These are shown in Table 2 .
In both groups, 50 cases did not show kidney response, 25 demonstrated incomplete response, and five cases demonstrated limited response.
Sixteen cases showed complete kidney response. Multivariate logistic regression results are shown in Table 3 . It revealed that β2 microglobulin is a significant prognostic factor for kidney response. Odds ratio was equal to 0.95. Figure 2 shows that area under the curve equals 0.69. A value of 24 mg or more demonstrated 835 specificity for prediction of response. Twentythree cases in both groups started hemodialysis; two of them turned into dialysis independency. Table 4 shows sensitivity and specifi- city according to different β2 microglobulin levels.
Discussion
Despite the common use of the paraprotein gap in different clinical settings, there are limited data and evidence for its routine use in clinical practice. Few studies showed that increased paraprotein gap is associated with positive serum protein electrophoresis and thereby could be used to investigate the presence of multiple myeloma. 10, 16 In addition, some other prospective studies have described an association between total protein and survival in transplant recipients, hospitalized patients, and cancer patients. [17] [18] [19] [20] [21] There has also been an association described between total proteins and decreased survival in elderly patients with paraneoplastic syndromes, in hypergammaglobulinemia and rheumatological conditions. [22] [23] [24] Moreover, another study done on patients with severe burns found that decreased albu- Figure 2 . Area under the curve for logistic regression analysis assessing factors that affect renal response. min to protein ratio was correlated with lower survival. 25 Our study is the first to assess the significance of paraprotein gap in advanced CKD with multiple myeloma. The exact mechanism that expounds the association between paraprotein gap and mortality is not clear. One possibility could be that higher paraprotein gap results from higher production of immunoglobulins in multiple myeloma patients, and hence, it reflects the severity of the disease itself. 26 Another likelihood is that the paraprotein gap reflects the degree of inflammation that leads to a rise in acute phase reactants and decline in serum albumin. 27, 28 The decreased albumin levels could also be a result of an underlying malnutrition, uremic cachexia, or nephritic syndrome.
In 1989, the MRC myelomatosis study showed high mortality rates up to 40% in the first three months in myeloma patients who presented with creatinine of 200 μmol/L or more at the time of diagnosis. Overall survival for this cohort was 380 days at two-year follow-up. Further analysis of more than 3000 patients showed that renal impairment was the responsible cause of deaths. 3, 29 In 2014, Uttervall et al conducted a retrospective study in Sweden that included 1538 patients with multiple myeloma, 680 patients of which had eGFR <60 mL/min. The study showed that overall survival in patients with nonrenal impairment is significantly superior to those with renal impairment. It also showed that overall survival in patients who were treated with bortezomib-based therapy was significantly better than those treated with conventional therapy. Overall survival in patients treated with bortezomib-based therapy reached 60 months. 30 Despite the large sample size of this study, only 255 had severe renal impairment with eGFR <30 mL/min. Therefore, the results of this study could not entirely reflect the overall survival in patients with severe renal impairment whose eGFR is <30 mL/min. In our study, the eGFR for the whole cohort sample was 30 mL/min or less, and the overall survival in the bortezomib-based group was significantly better than the thalidomide-based group. This could reflect improved control of multiple myeloma with novel chemotherapy. 31 However, the estimated survival of the bortezomib group in our study (33.6 months) might not reflect the actual overall survival due to relatively small sample size in this group (n = 53) and different follow-up period among each individual given that the starting point was not the same. The Vista study compared the renal response and overall survival in multiple myeloma patients who received bortezomib-based therapy versus those who received melphalanbased therapy 32 and found superiority of bortezomib-based treatment over melphalanbased treatment in terms of these factors. Subgroup analysis showed better survival in patients with eGFR >30 mL/min compared to those with eGFR <30 mL/min. There was no enough number of patients in this study to compare those with eGFR <15 mL/min and those with eGFR between 15 mL/min and 30 mL/min (n = 15). Our study showed significant overall survival in CKD 4 patients in bortezomib group compared to those with CKD 5 in the same group and those in thalidomide group. This could be explained by that the degree of renal impairment reflects the severity of the disease and the degree of renal response and thereby affects overall survival. β2 microglobulins have been used as a marker for the activation of cellular immunity and as a tumor marker for plasma cell tumors, especially multiple myeloma. 33 Few studies showed significant relationship between β2 microglobulins and renal impairment. 34, 35 In 2008, Hofstra et al proved that β2 microglobulins could be used as a prognostic factor for certain types of glomerulonephritis. 36 Serum β2-microglobulins are filtered in the glomeruli; however, >99% are reabsorbed in the proximal convoluted tubules ending up in minimal amount of β2 microglobulins in urine. 37 In our study, we found a significant relationship between β2 microglobulin levels and renal response in multiple myeloma patients with severe renal impairment (odds ratio = 0.95). Our analysis showed that a level of 24 mg is 83.3% specific of having poor renal response. We suggest that β2 microglobulins could be used as a clinical biomarker for prognosis of renal response in this group of patients. Our study has several limitations. First, its retrospective design that could have led to selection bias. Second, the relatively small sample size that could have caused underestimation of significant results. Finally, due to the retrospective design, there were some missing data that were not included in the analysis such as data about serum FLC, immunoglobulin levels, toxicity profile between both groups, and residual renal functions.
In conclusion, multiple myeloma patients with severe renal impairment have better survival when treated with bortezomib compared to thalidomide. In multiple myeloma population, patients with CKD4 have better survival compared to those with CKD5. Age and paraprotein gap are significant prognostic factors for survival. β2 microglobulin is a strong prognostic factor for kidney response in this population. More randomized controlled studies with bigger sample size are needed to confirm the significance of paraprotein gap and β2 microglobulins in this group of patients.
Conflict of interest:
None declared.
